Remote monitoring of cardiac implantable electronic devices (CIED) has been shown to improve patient safety and reduce in-office visits. We report our experience with remote monitoring via the Medtronic CareLink ® network.
INTRODUCTION
Advances in technology have allowed the remote transmission of data from cardiac implantable electronic devices (CIED), i.e. permanent pacemakers (PPMs), implantable cardioverter defibrillators (ICDs) and cardiac resynchronisation therapy defibrillators (CRT-Ds). Remote access to device diagnostics has been shown to improve patient safety in comparison to ambulatory conventional monitoring due to earlier detection of arrhythmias or device malfunction.
(1-4) It has also significantly reduced the number of in-office visits, workload of healthcare providers and healthcare costs to patients. (5, 6) In addition, patient compliance to scheduled remote monitoring evaluation is superior compared to in-office checks. (5) Home monitoring is relatively new in Southeast Asia, (1, 7) with pickup rates increasing over recent years. We report our experience with home monitoring among patients with Medtronic (Medtronic Inc, Minneapolis, MN, USA) devices in this pilot study, which aimed to describe patient compliance to scheduled remote monitoring transmissions as well as physician, patient and healthcare workers' experiences with remote monitoring. In Singapore, distance from CIED monitoring centres is much less of a barrier in comparison to larger countries. Hence, this study was also an examination of patients' opinions regarding remote monitoring in a situation where geographical distance is less of a barrier toward office device monitoring.
METHODS
We conducted a prospective study from June 2012 to December 2013 involving patients who were implanted with Medtronic CIED for standard indications. Patients from the National Heart Centre Singapore were recruited for remote monitoring via the Medtronic CareLink® network. Selection criteria required only that patients or their caretakers were able to understand and willing to carry out the instructions given for remote monitoring. Patients were followed up for six months with scheduled monthly remote monitoring transmissions, in addition to routine in-office checks during specialist outpatient clinic reviews. Additional remote monitoring checks could be scheduled at the attending physician's discretion.
Patients enrolled in the study were equipped with a patient monitor with a telephone or Global System for Mobile communications (GSM) network connection. Non-wireless and wireless home monitors were used. Device interrogation with Remote monitoring of patients with cardiac implantable electronic devices: a Southeast Asian, single-centre pilot study the non-wireless home monitor was performed by placing an interrogation antenna over the implanted device. Wireless home monitors automatically interrogated the devices periodically for scheduled transmissions and could be triggered by device or clinical alerts. Data was transmitted securely to the CareLink network and results were accessed via the Internet-accessible CareLink website. In our centre, the medical technician is the first-line recipient of remote transmissions. The medical technician vets the data from the remote transmissions to detect any alerts that require early communication to the electrophysiologist. Significant alerts included sustained arrhythmias, abrupt increases in lead impedance or thresholds, and battery replacement indicators based on predefined protocols.
Enrolled patients were followed up to review the efficacy and safety of the remote monitoring. Outcomes measured were compliance to scheduled remote transmissions (i.e. if they were on time, overdue [received 1-5 days after the scheduled date] or missed [received > 5 days after the scheduled date]); time from transmission to review; occurrence of unscheduled transmissions arising from device alerts; and number of alerts that required further intervention. Questionnaires were administered to physicians during the course of the six months of follow-up, seeking physicians' opinions on whether remote monitoring yielded equivalent information as compared to inoffice checks, and preferred frequency for device checks and follow-up visits.
Patients answered a questionnaire to determine their employment status, need to be accompanied and amount of time required for device checks, taking into account travel and waiting times. They were also surveyed on their preferences regarding remote monitoring as compared to in-office checks and if remote monitoring had a positive effect on their peace of mind. This questionnaire was completed at the end of the six-month remote monitoring experience.
Lastly, a questionnaire was also completed by medical technicians involved in the remote monitoring process. The questionnaire surveyed their opinions regarding ease of use of the remote monitoring system; whether it provided an equivalent service to patients compared to in-office checks; and if it could improve clinical and workflow efficacy.
RESULTS
A total of 57 patients were recruited over a period of eight months, consisting of 16 (28.1%) patients with PPMs, 34 (59.6%) patients with ICDs and 7 (12.3%) patients with CRT-Ds. Patients who received a PPM had the following indications: sinus node dysfunction (62.5%), atrioventricular node dysfunction (31.3%), or both (6.3%). The ICD and CRT-D cohorts comprised mainly of patients with primary prevention indications for ischaemic and non-ischaemic cardiomyopathy. Mean left ventricular ejection fraction was 35.5% ± 16.5% in the ICD cohort and 19.9% ± 4.8% in the CRT-D cohort. Population baseline characteristics are shown in Fig. 1 and Table I . A total of 334 remote transmissions were scheduled, comprising 215 wireless and 119 non-wireless transmissions. Among wireless transmissions, 84.6% were on time, 5.1% were overdue and 10.3% were missed. Among non-wireless transmissions, 53.8% were on time, 31.6% were overdue and 14.5% were missed. Overall, among all remote transmissions, 73.7% were on time, 14.5% were overdue and 11.8% were missed.
There were a total of 15 alerts arising from 340 transmissions, all of which were from the ICD/CRT-D cohorts. Nine alerts were noted during scheduled remote transmissions, of which 3 (33.3%) transmissions required intervention; one was an Optivol® alert and the rest were arrhythmia-triggered, which resulted in early follow-up. The six unscheduled device alert transmissions all arose from ICD arrhythmia episodes. 3 (50.0%) of the six unscheduled transmissions required intervention: one patient received an appropriate shock and had multiple episodes of ventricular tachycardia that prompted an admission to hospital, and the remaining two alerts resulted in earlier follow-ups for ventricular tachycardia, resulting in device therapy. Overall, 4.4% of transmissions had alerts and 1.8% of all transmissions required intervention. 98.6% of remote transmissions were reviewed by the second working day, with 71.6% being reviewed on the same day as transmission, 22.2% by the next day and an additional 4.8% on the second working day.
The patient questionnaire, administered to 41 patients in the cohort, revealed that 73.2% of patients preferred to send device information from home instead of undergoing an in-office check. Having a remote monitor for device monitoring accorded additional peace of mind to 85.4% of patients (Fig. 2) . All patients agreed that setup and utilisation of the remote monitor was either easy or very easy. 90.2% of patients were keen to continue remote monitoring after cessation of the trial, citing convenience as the most common reason, followed by time-saving benefits. 43.9% of patients were actively employed and required leave from work to attend in-office device checks. 63.4% of patients claimed that an in-office check would require an average of 1-3 hours of their time, taking into account transport and waiting times, while 19.5% of patients said they spent more than three hours. 58.5% of patients were accompanied by a caregiver for these checks (Table II) .
The physician questionnaire was administered to managing physicians of 36 patients after three months of remote monitoring. Physicians felt that 97.1% of remote transmissions accorded them equivalent information compared to in-office checks. The mean preferred frequency for in-clinic follow-up visits was every 8.5 months and the average preferred interval for device checks was 3.3 months.
The medical technician questionnaire, which was completed by nine medical technicians, showed that 77.8% of them felt that remote monitoring would help the hospital improve patient management and 66.7% felt it would enhance efficiency in the long run; 77.8% said the level of assistance provided to patients through remote follow-up was equivalent to that provided during in-office device checks.
DISCUSSION
In our pilot study, there was good compliance to scheduled transmissions, which was more evident in the wireless monitoring cohort. The number of device alerts that required intervention was low and remote transmissions were reviewed promptly. Patients, physicians and medical technicians largely had a favourable opinion of remote monitoring.
In an ageing population, CIED implantation rates are likely to increase. (7) A large proportion of these patients are at high risk and require close attention. (5) Prior to remote monitoring, the standard of care for CIED patients would require in-office device checks at least every 3-6 months, with certain groups of patients needing even more frequent follow-up. (8) The advent of remote monitoring has allowed clinicians remote access to device diagnostic information relating to device integrity and function; both atrial and ventricular arrhythmias; arrhythmia therapy; and, in some devices, impending fluid overload. (9, 10) Data is downloaded from the device via automatic wireless interrogation through a built-in device micro antenna or by wand activation. Information is transmitted through land telephone lines or cellular GSM networks to the manufacturers' centre and subsequently disseminated to relevant medical personnel. The physician can customise the type of alerts that will trigger a transmission and choose to be notified through fax, email, short message or pager. Device reprogramming, however, cannot be done remotely, in order to avoid unauthorised control of device function. (11, 12) Utilisation of remote monitoring in the Southeast Asian region is relatively low compared to other regions. The reasons for this vary widely between countries, but a significant reason is the increased cost of the home monitoring setup in comparison to conventional devices. (7) Singapore was one of the first in the region to employ home monitoring.
In terms of safety, current data shows that the majority of routine in-office device checks do not require intervention, as remote monitoring accurately excludes device malfunction or arrhythmias in patients. (13) Our data appears to reflect this trend, with a low number of alerts that required intervention (i.e. 1.8% of all transmissions). All alerts during our study were from the ICD cohort, with 14 (93.3%) of the 15 alerts being arrhythmiarelated. Remote monitoring permits an earlier reaction to events requiring physician intervention in comparison to regular in-office device checks, with 98.6% of transmissions being reviewed within two working days in our cohort. (3, 4, 6, (14) (15) (16) (17) (18) (19) (20) (21) Early detection allows prompt management of arrhythmias, early management of device malfunction and device reprogramming to reduce inappropriate defibrillator shocks. (18, 22, 23) Compliance to remote monitoring was good, with an overall missed transmission rate of 11.8%. This takes into account the more intensive schedule of monthly checks during this pilot study in comparison to common practice worldwide. Unsurprisingly, the wireless monitor cohort had lower missed and overdue transmission rates compared to the non-wireless group. Observational data has shown potentially higher survival rates for ICD/CRT-D patients on remote monitoring. (24) Surveillance for fluid status has been reported to substantially reduce heart failure-related hospitalisations and death. (25) The use of remote monitoring could reduce the number of office visits, lower time consumption for physicians and healthcare workers, and provide more efficient healthcare delivery without compromising, and possibly improving, care standards. (3, 4, 6, (26) (27) (28) (29) (30) Singapore is geographically the second smallest country in Asia and amongst the 25 smallest countries in the world. With a high population density (estimated as 7,615/km 2 ), geographical distance is far less of a barrier to in-office CIED monitoring than in larger countries.
(34) Despite this, 71.9% of our patient cohort still preferred remote monitoring to inoffice checks to complement regular clinic follow-up visits, citing a reduced need for time-off from work or for caregivers to accompany them to the clinic. Of the patients surveyed, 58.5% were accompanied by caregivers on all or some of their in-clinic visits and 43.9% were employed. According to our questionnaire results, remote transmission saved a median of three hours per visit for both patients and any accompanying caregivers. The time and cost savings for this cohort of patients and their families is likely to be significant, although they have to be weighed against the initial cost of setting up the home monitoring. Remote monitoring was thus able to benefit not only the patient but also their families, regardless of the ease of access and relatively closer proximity to a CIED monitoring centre in Singapore.
Initial concerns regarding the loss of face-to-face encounters with medical staff were not observed in our cohort of remote monitoring patients. Their overall satisfaction was consistent with high satisfaction rates worldwide from enhancement of patients' quality of life. (6, 11, (31) (32) (33) This preference for remote monitoring, regardless of geographic proximity, could perhaps be extrapolated to countries where there are doubts as to whether implementation of remote monitoring would benefit patients living near a monitoring centre. It may also be applied to some city-dwelling patients who are in close proximity to a monitoring centre but are hampered by mobility problems, work schedules or poor traffic conditions.
Based on the questionnaires administered, physicians found that 97.1% of the time, remote monitoring delivered the same amount of information compared to an in-office check, and medical technicians felt that the amount of assistance they could give to the patient via remote monitoring was equivalent to an in-office check 77.8% of the time. The same proportion of medical technicians felt that remote monitoring could improve patient management.
Despite their benefits, remote monitoring systems generate a plethora of data that entails a considerable need for proper information filtering. (35) 98.2% of the transmissions in our study did not contain alerts that required intervention. Considering our increased frequency of routine transmissions on a monthly basis for the purposes of this feasibility study, the proportion of alerts requiring intervention is likely to be higher in a non-pilot study setting. Of alerts that were transmitted on an unscheduled basis, only 33.3% required intervention, illustrating that remote monitoring has the potential of generating large amounts of data that needs to be reviewed. At our institution, our medical technicians serve as first-line recipients of the remote transmissions. They are also able to review online medical data such as medication lists to aid our electrophysiologists in the management process. This institutional process reduced the amount of non-essential data being relayed to the electrophysiologist. Feedback from our physician survey was generally positive. However, in the clinical setting, alert settings nevertheless have to be tailored to individual patient profiles to ensure efficiency of data management.
As this study was designed to be a pilot study, its limitations included the small cohort of patients without a control population. While the selection process did not deliberately include patients of particular age, language or socioeconomic criteria, the mean age of the overall cohort was relatively low. This could reflect selection bias, as the nature of the study necessitated that participants or their caretakers were able to understand and carry out the instructions given for remote monitoring. However, the relatively young age of the participants potentially reflect a real-life clinical scenario in which younger patients may be less technology-averse and keener to adopt remote monitoring. Testing this hypothesis requires further evaluation of patients' opinions regarding remote monitoring. Future evaluation may also be able to detect associations between uptake of remote monitoring devices and socioeconomic status. In addition, the number of alerts and transmissions requiring intervention were low, which may be attributed to the short duration of the study and the relative newness of all the devices, resulting in a low number of device/ lead malfunction alerts.
In conclusion, our pilot study showed that remote monitoring of patients with CIED is safe and feasible with a high rate of adherence to transmission schedules. There was a low incidence of device alerts that required intervention and transmitted reports were comparable to in-office reports. Patients, physicians and medical technicians' experiences with remote monitoring were favourable. Remote monitoring of patients with CIED could provide earlier detection of arrhythmia events or device malfunction, thereby improving patient outcomes through appropriate early intervention, significantly improving quality of life for patients and their families, and positively impacting healthcare resource utilisation through proper management of transmission alert settings.
